
Active Galactic Nuclei − IV 
Mid-IR emission from AGN and the quest for 

heavily obscured AGN  



AGN Spectral Energy Distributions 







Broad-band spectral energy distribution of AGN 

Elvis et al. 1994 
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IR peak due AGN 
reprocessed radiation by dust  



adapted from Harrison (2014) HSP: high synchrotron peak blazar 
LSP: low synchrotron peak blazar  



Mid-IR emission from AGN 



Models for the infrared emission of AGN (I) 



Models for the infrared emission of AGN (II) 

AGN type is a viewing-
dependent probability 



Elitzur 2011 

Smooth-density torus Torus with decreased covering factor Clumpy, soft-edge torus 

The covering factor can be estimated using  
SED fitting with multiple (host galaxy and AGN) components 

(but model degeneracies may affect the results) 

Currently: attempts to link the properties of the 
absorber derived from X-rays with those of mid-IR 

and SED analysis in a systematic way 



Systematic multi-wavelength study of IRAS 12-
micron sample (X-ray, SED fitting, molecular gas 

content, gas kinematics, etc.)  
Effects of the AGN on the host galaxy   

IRAS-12µm sample of Type 2 AGN with Spitzer/IRS coverage 
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NH from X-ray spectroscopy 

see also Alonso-Herrero+ works, Mateos et al. 2016, […] 

Silicate feature 

Deep Silicate features vs. heavy X-ray obscuration 

Salvestrini et al., in prep. 



Haas et al. 2003 

AGN strength 

The dust re-
arranges 
during the 

AGN history. 
 

The SED 
displays these 

changes  



Eclipses of the X-ray source are 
COMMON in nearby AGN:  
ΔNH ~ 1023−1024 cm-2 

size X-ray src <1014 cm 
D < 1016 cm 

   X-ray absorber “made” of 
BLR clouds

Risaliti et al., 2007, 2010… 

Indications from X-ray observations of local Seyferts 
that absorbers can be structured in clumps 



•  Compact (a few pc) tori 
with a clumpy/filamentary 
dust distribution (warm 
disk + geom. thick torus) 

 
•  No significant Sey1/Sey2 
difference 

Tristram & Schartmann 2011 
(see also Jaffe+04; Meisenheimer+07;  

Tristram+07; Tristram+09; Burtscher+13) 

Tristram+07 - Circinus 

High-resolution mid-IR observations of Seyferts 



ü  Type 1 vs. Type 2 AGN difference: it is a function of the number of 
clouds along the line of sight, i.e., of the escape probability 
ü  Same dust temperatures can be observed at different distances from the 
AGN 
 
è Type 2 AGN: larger number of clouds and lower Pesc for the photons to 
escape 

Ramos-Almeida+11; see also Garcia-Bernete+19 

Modeling the mid-IR emission with “clumpy” torus 

Sey 2 

Sey 2 
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covering factor of the torus 

average value  
for Sey 2 

average value  
for Sey 1 



Mid-IR as a proxy of the nuclear (intrinsic) AGN power 

Ø  The mid-IR emission is mostly due to reprocessing (i.e., thermalized by dust) of 
the intrinsic AGN emission.  
The UV/optical emission in obscured AGN is extincted but re-emerges as IR 
emission.  
 
Ø  Selecting sources extincted in the UV/optical and bright at mid-IR wavelengths 
provides a good tool to pick up obscured sources.  

Ø  Stacking X-ray emission and consequent comparison with expected X-ray 
emission provides an estimate on the amount of obscuration. 
 



The combined optical/mid-infrared selection in the quest for 
Compton-thick AGN at high-z (I) 

From Fiore et al. (2008) 
Different symbols: different surveys 
Filled symbols: Type 2 AGN candidates 

F(24 µm)/F(R) vs. L(5.8 µm) F(24 µm)/F(R) vs. F(X)/F(R) 

In Type 2 AGN candidates, the F(24 µm)/F(R)  
ratio correlates with L(5.8 µm) and F(X)/F(R)  
èThe MIR luminosity provides an estimate  
    of the X-ray flux 



Fiore et al. 2008  

The combined optical/mid-infrared selection in the quest for 
Compton-thick AGN at high-z (II) 

red color 
bright at 24µm but faint in the optical 

CDF-S: <log L(5.8 µm)>  ≈ 44.6  
Log(LX) ≈ 43 (expected) vs. 41.8 (observed 

   from X-ray stacking analysis) 
èLog NH>24 at the z=2 (Compton-thick) 

1 
1 

2 

2 

Star-formation as  
dominant process 

Obscured accretion as  
dominant process 

red color 
Low 24µm to optical flux ratio 



Fiore et al. (2009); Lanzuisi et al. (2009) 

Stack of Chandra images of MIR 
sources not directly detected in X-rays 

24µm                DOGs 
X-ray 

filled symbols = 
obscured AGN 
 
 
 
 
open symbols = 
unobscured AGN;  
             * = photo-z 
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COSMOS:  
large fraction of 

Compton-thick AGN 
candidates at z≈2 in 

cell A 

The combined optical/mid-infrared selection in the quest for 
Compton-thick AGN at high-z (III) 



MID-IR excess galaxies (Daddi et al. 2007)  

The combined optical/mid-infrared selection in the quest for 
Compton-thick AGN at high-z (IV) 



Mid-IR vs. X-ray emission of AGN 

Asmus et al. (2014); see also Lutz et al. (2004) and Gandhi et al. (2009) 

Log L2−10 keV (observed) Log L2−10 keV (intrinsic) 

Corrected for the NH 

CT AGN: high mid-IR and low X-ray emission 
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High mid-IR emission (from e.g. SED-fitting decomposition) coupled with low X-ray 
emission is suggestive of X-ray obscuration 

MID-IR as a proxy of the intrinsic AGN strength 



from Padovani+17 review on AGN 

Multi-wavelength selection of AGN: pros and cons 



Hickox+09 
situation up to z~1 

•  All galaxies appear to begin as star-forming blue-cloud systems and end as passive red-sequence sources,   
once their dark matter halos have grown sufficiently.  

•  Galaxies hosting IR, X-ray, and/or radio AGN appear to follow a similar evolutionary path: radiatively 
efficient rapid BH growth (IR/X-ray AGN) appears to be linked with those galaxies with large supplies of 
cool gas, while mechanically dominated (radio) accretion is associated with passive galaxies, which may 
also be responsible for preventing late SF.  

Goulding+14 

A simplified picture of AGN evolution 



Padovani+17 



Multi-wavelength signatures of AGN 

Hickox & Alexander 2018 (ARA&A) 

(at 1 micron) 

 video at https://youtu.be/82LmtccFH7E 



‘Optimization’ of AGN selection 

Hickox & Alexander 2018 (ARA&A) 



from Ramos-Almeida & Ricci 2017 

The final picture? 

The absorber/reprocessing material is most likely cloudy and filamentary 
(e.g., Jaffe+04, Burtscher+13; Ramos-Almeida+11,  Alonso-Herrero+, […]) 

Combes+18 – ALMA results, tori are disk-like on scales of ~10-30 pc + resonant rings at 100-pc scales; AGN 
non necessarily in the center 



The quest for obscured AGN at different 
cosmic times 

Obscured SMBH growth as a key phase in AGN/galaxy life 
 

 Needs for a ‘complete’ AGN census 
 

X-ray surveys Combined mid-IR/opt/X-ray Optical spectroscopy 
•  Mid-IR/optical extreme colors + X-ray 

spectroscopy/stacking 
•  Based on mid-IR as a proxy of the AGN 

strength 
•  Wide possibilities in the future due to a 

perfect combination of SPICA an Athena 
capabilities 

•  High-ionization narrow 
emission lines as proxies of the 
intrinsic nuclear emission  

•  [OIII]5007Á, [NeV]3426Á, CIV1549Á 
selection in the optical 

•  Similar probes in the mid-IR: 
[NeV]14.3µm, [OIV]26µm – matter 
for SPICA investigations at 
high redshifts 

•  Integral and Swift/BAT 
surveys: limited 
sensitivity, mostly low z 

•  NuSTAR: more efficient 
and sensitive, obscured 
AGN up to z~3 (a few) 

•  Deep X-ray Surveys 
(Chandra, XMM): up to 
high redshift, limited by 
photon statistics 



Hickox & Alexander 2018 (ARA&A) 



Hickox & Alexander 2018 (ARA&A) 



Hickox & Alexander 2018 (ARA&A) 



Hickox & Alexander 2018 (ARA&A) 


